Satellite Laser Ranging (SLR) is a proven space geodetic technique with significant potential for important contributions to scientific studies of tectonic motion. Currently, SLR is the most accurate available technique to determine the geocentric position with a reported precision in the order of few millimeters. Data gathered through SLR together with "Short Arc" mathematical algorithm became a highly precise tool to detect, monitor and calculate recent crustal movements through repeated measurements of the baselines between some stations on different tectonic plates. In this paper, the Short Arc mathematical model introduced in a previous paper was used to calculate the length of the baseline between Helwan-SLR station and other four fixed SLR stations, placed on different plates. Application of this model with the data gathered through a 4 year time interval gave repeatable results with very high accuracy (in the order of 4 cm).
Introduction
Geodesy is the science of measurement of the size, shape, rotation, and gravitational field of the Earth.
Plate tectonics is the theory that Earth's outer shell is divided into several plates that glide over the mantle, the rocky inner layer above the core. Tectonic motions are largely slow and smooth in nature, with the exception of regions where earthquake activity is high. In these regions, significant surface displacements over a very short time period can and do occur as shown in Figure 1 .
Space geodesy offers a great improvement for all geosciences because scientific observational methods were not limited only on terrestrial techniques, but to satellite ones as well. The main advantages of satellite observational methods are the dense coverage, repeatability and homogeneity of the data offered for almost the entire planet. Satellite Laser Ranging (SLR) is one of some space geodetic technologies which can deal with the tectonic motion around the world [1] .
The basic idea of Satellite Laser Ranging is measurement of distance between a ground station and a satellite. The ground station transmits a very short laser pulse from a telescope to a satellite which is retro-reflected by corner cube reflectors on the satellite back to the ground telescope. A very precise clock at the ground station measures the round trip time with a very high accuracy (<50 picoseconds, or <1 centimeter in range). Measuring the ranges of three satellites of known orbits the position of the station will be calculated.
Methods of space geodesy are very effective in monitoring tectonic motion for points around the world. With over 15 years SLR tracking data acquired by a network of globally distributed stations, shown in Figure 2 variations in station positions can be monitored through time.
The accumulation of the data gives a possibility to construct a precise and detail model of the global tectonics [2] .
Geologic features and characteristics of the African continent shows that the African zone is active exhibit all phenomena associated with crustal deformations, accumulation and release of crustal stress and strains, interplate motions as well as volcanic eruptions. Moreover, Figure 2 shows that only two SLR stations are in Africa. These facts illustrate the importance of the data acquired by Helwan SLR station [3] .
In this paper, a brief description of Helwan SLR station and the generation technique of the normal points, produced from the analysis of the observed satellites that have a line of sight are discussed.
In one of our previous publications, a mathematical algorithm for the baseline determinations called the shortarc method was introduced and used to calculate the normal point data of satellites Lageos-1, observed during the year 1996, by Helwan SLR [4] . In this paper, the basic concepts of short-arc method is briefly discussed and used to reproduce the normal points of the same satellite as observed during the year 2000 as observed by Helwan SLR. The set of new results are very near to the oldest which proves the repeatability of the technique as a whole over a very long time span.
Helwan SLR-Station
Tracking of artificial satellites from Helwan SLR station (shown in Figure 3 ) has been started in 1974. A lot of modifications have been applied to the station in order to improve its accuracy and update its performance [5] - [12] . Next; the main components and specifications of Helwan SLR station are summarized.
The mount configuration is Azimuth/Elevation with a coude system of mirrors for the transmitted beams. The movement drive is consisting of 2 step drive motors, and the maximum tracking rate is 2 deg./sec. The guiding of the mount is controlled by a computer. The receiving system of the mount is a spherical mirror of diameter 40 cm, and optical filter of 6 nm with 80% transmission. The type of the detector is a Photomultiplier manufactured by Hamamatsu model H6533. The quantum efficiency of this PMT is 10% at 532 nm and of normal gain equal 5.6 million. The mode of the PMT is single photoelectron detection. The detailed specifications of Helwan SLR station are summarized in Table 1 .
The laser transmitter is placed outside the mount and the laser beam is directed to the satellite through the mount via a four coude of mirrors. The time and frequency system is GPS Time/Frequency standard, manufactured by Helwlett-Packard of model 58503B, and it measures the time with accuracy below than 110 nsec. The 
Satellite LAGEOS-1
Laser Geodynamics Satellites-1 (LAGEOS-1) is a satellite designed to provide an orbiting benchmark for geodynamical studies of the Earth. Figure 4 shows the LAGEOS-1 satellite LAGEOS-1 is able to determine positions of points on the Earth with extremely high accuracy due to the stability of its orbit. The main specifications of LAGEOS-1 are given in Table 2 .
Normal Points Computed Using Helwan-SLR Data
The primary output of the satellite laser ranging stations is the normal point data. For the generation of the normal points, it is agreed that the values of the bins size to be as 15 sec for some satellites such as Becon-C Topex, GFO-1, ERS-2 and Champ. For some other satellites such as Ajisai, Starlette and Stella, the value of the bin size is 30 sec. As for the satellites Lageos-1 it is agreed to be 120 sec. After the observations of the satellites, the satellite pass is analyzed [7] [8] and hence the normal points are computed for each pass depending on the bin size mentioned before. Data observed for the satellite LAGEOS-1 was used to compute normal points as given in Table 3 .
Data include 9 normal points as indicated in the first Column. The second third and fourth columns are the time of which the normal points are selected. The fifth and sixth columns are the corresponding range, the seventh and eighth columns the corresponding precision of each normal point resp. The last column contains the number of points included in each normal point.
Baseline Determination Using the Short-Arc Method
The baselines are the distances and lengths of the chords between projections of the positions of the laser stations on the reference ellipsoid. For the satellite geodesy, it is very important to determine the optimal length of orbital arc along which laser measurements are to be carried out. It is clear that for the dynamical methods long arcs (one month or more) are to be used. According to which more errors of modeling of different physical forces such as earth's gravitational field, air drag, solar radiation pressure, and others that may influence the accuracy of the estimation of the satellites position, at the same time the measured errors con be almost completely excluded and high stability in determination of relative coordinate system can be achieved. It is possible to diminish the influence of the errors of modeling by using short-arcs of the satellite orbit (several revolutions or days), but the station's coordinates estimated by different arcs con differ from each other by a larger quantity than statistical zero. Under the semi-dynamical "short-arc" method one or several passes of the satellite in one of simultaneous visibility from both ends of the chord is known [13] - [16] . The estimated parameter in this case is the length of the chord as shown in Figure 5 .
The comparison of the same baselines calculated with long and short arcs methods shows a good agreement and even speaks in favor of the last one, as the number of observations required for solving the problem considerably decreases the amount of calculations. Detailed analysis of short-arc method was introduced in one of our previous publications [5] .
Results and Discussions
A computer program was implemented for baselines calculations using the short-arc method and observational data of LAGEOS-1 during the year of 2000 as measured by Helwan SLR station and other SLR stations. The stations used in addition to the Helwan SLR station (7831) are, Heslmonseux (7840), Zimmerworld (7810), matera (7939) and Grasse (7835) as shown in Figure 4 . The short arc method does not depend on the dynamical models so strongly. However in order to realize millimeter level baseline precision.
The results of the normal point's data, of satellites LAGEOS-1, observed at year 2000, are used to estimate 4 different baselines. The baselines between the Helwan station and the other stations are computed and the results are shown in Table 4 . The first column represents the ID of the used station with Helwan station, column 2 represents the used time in modified julean date, column 3, represents the value of the baseline length in meter units, as for the last column shows the root mean square value of the measurements. Results show that the root mean square errors of the calculated baselines are within 4 cm.
For determination of the relative motion between the African and European plates, it is necessary to calculate the same baselines for many years. The next 3 columns of Table 4 show the same results calculated using the data observed at year 1996 and the same algorithm. The observed motions, both in the case of year 2000 and year 1996 data are in good agreement with each other.
Conclusion
Observational data measured by Helwan Satellite Laser Ranging station, for the satellite Lageos-1, were used to 
